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7KHHIIHFWRIFRQFHQWUDWLRQSRODULVDWLRQRQRUJDQLFVROYHQWQDQRILOWUDWLRQFU\VWDOOLVDWLRQ
SURFHVVHV
-&DPSEHOO$*/LYLQJVWRQ
,PSHULDO&ROOHJH8.
&U\VWDOOLVDWLRQ LV DQ LPSRUWDQW VHSDUDWLRQ PHWKRGRORJ\ IRU WKH SKDUPDFHXWLFDO DQG FKHPLFDO
LQGXVWULHV  &U\VWDOOLVDWLRQ FDQ DFKLHYH KLJK SURGXFW SXULWLHV DQG EHFDXVH PRVW DFWLYH
SKDUPDFHXWLFDO LQJUHGLHQWV$3,VDUHUHTXLUHG LQVROLG IRUPLW LVXVHGH[WHQVLYHO\>@ 2UJDQLF
VROYHQWQDQRILOWUDWLRQ 261KDVEHHQVXJJHVWHGDVDPHWKRG IRUHQKDQFLQJFU\VWDOOLVDWLRQ LQ
WKHSKDUPDFHXWLFDO LQGXVWU\>@ 261FU\VWDOOLVDWLRQKDV WKHSRWHQWLDO WR UHGXFHHQHUJ\DQGRU
FKHPLFDOLQSXWVDQGDOORZWLJKWHUFRQWURORISURFHVVFRQGLWLRQVLPSURYLQJFU\VWDOSDUDPHWHUV,Q
WKH SDVW GHFDGH QDQRILOWUDWLRQ PHPEUDQHV VWDEOH LQ D ZLGH UDQJH RI RUJDQLF VROYHQW DQG
FRQGLWLRQVKDYHEHHQGHYHORSHG>@7KHVHPHPEUDQHVDUHFDSDEOHRIGLVFULPLQDWLQJEHWZHHQ
PROHFXOHVSUHVHQWLQDQRUJDQLFVROYHQWVROXWLRQDOORZLQJVPDOOHUPROHFXOHVWRSHUPHDWHZKLOH
UHWDLQLQJODUJHUPROHFXOHV

7KHUHLVDODUJHVFRSHIRUWKHXVHRIPHPEUDQHVLQFU\VWDOOLVDWLRQSURFHVVHV0HPEUDQHVFRXOG
EHXVHGWRUHPRYHWKHVROYHQW IURPDVROXWLRQ WKXV LQFUHDVLQJWKHFRQFHQWUDWLRQRI WKHVROXWH
SDVWWKHVDWXUDWLRQSRLQWLQGXFLQJFU\VWDOJURZWK$OWHUQDWLYHO\VROXWLRQVFRXOGEHFRQFHQWUDWHG
WRDSRLQWEHORZVDWXUDWLRQDQGWKHQFRROHGWR LQGXFHFU\VWDOJURZWK7KLVPHWKRGRORJ\ZRXOG
DOORZ LQWHJUDWLRQ ZLWK H[LVWLQJ FRROLQJ FU\VWDOOLVDWLRQ WHFKQRORJ\ XVHG LQ WKH SKDUPDFHXWLFDO
LQGXVWU\ ZLWK WKH SRWHQWLDO IRU UHFRYHU\ RI ORVW SURGXFW DQG WKXV \LHOG HQKDQFHPHQW  261
PHPEUDQH WHFKQRORJ\ FRXOG DOVR EH XVHG IRU DQWLVROYHQW FU\VWDOOLVDWLRQ  'LDILOWUDWLRQ KDV
DOUHDG\ EHHQ VXJJHVWHG IRU VROYHQW H[FKDQJH LQ WKH SKDUPDFHXWLFDO LQGXVWU\>@  %\ XVLQJ
GLDILOWUDWLRQWRLQWURGXFHDQDQWLVROYHQWDWDVWHDG\UDWHZKLOHDOVRUHPRYLQJWKHRULJLQDOVROYHQW
SUHFLVHFRQWURORIDVROYHQWPL[WXUHFDQEHDFKLHYHG

&U\VWDO SDUDPHWHUV VXFK DV DYHUDJH VL]H VL]H UDQJH DQG PRUSKRORJ\ DUH DIIHFWHG E\
FU\VWDOOLVDWLRQFRQGLWLRQV 5DSLGVROXWLRQVDWXUDWLRQ LVDVVRFLDWHGZLWKXQFRQWUROOHGQXFOHDWLRQ
DQGDEURDGFU\VWDOVL]HUDQJH7KHFU\VWDOOLVDWLRQFRQGLWLRQVFDQDOVRLQIOXHQFHWKHVWUXFWXUHRI
WKH FU\VWDOV IRUP 7KH VROYHQW RI FKRLFH DQG WHPSHUDWXUH RI FU\VWDOOLVDWLRQ ZDV VKRZQ WR
LQIOXHQFH WKHVWUXFWXUHRISKDUPDFHXWLFDOFRPSRXQG LQGRPHWKDFLQ>@ 261FU\VWDOOLVDWLRQKDV
VHYHUDO SRWHQWLDO DGYDQWDJHV ZKHQ LW FRPHV WR FRQWUROOLQJ SURFHVV FRQGLWLRQV  6ROXWLRQ
VDWXUDWLRQOHYHOVFDQEHDFFXUDWHO\FRQWUROOHGE\DGMXVWLQJWKHPHPEUDQHSUHVVXUHGLIIHUHQWLDO
ZKLFKFRQWUROV WKHPHPEUDQHSHUPHDQFH 0DQDJHPHQWRI VDWXUDWLRQFRQGLWLRQV UHGXFHV WKH
ULVNRIXQZDQWHGQXFOHDWLRQHOLPLQDWLQJXQZDQWHGSRO\PRUSKLFVWUXFWXUHV&RQWURORIVDWXUDWLRQ
OHYHOV DOVR DIIHFWV WKH JURZWK UDWH OHDGLQJ WR SUHFLVH FRQWURO RYHU FU\VWDO VL]H DQG VL]H
GLVWULEXWLRQV  6ROXWLRQ FRQGLWLRQV VXFK DV WHPSHUDWXUH SUHVVXUH DQG PL[LQJ FDQ DIIHFW
FU\VWDOOLVDWLRQSURFHVVHV,Q261FU\VWDOOLVDWLRQWKHVDWXUDWLRQOHYHOLQWKHVROXWLRQLVFRQWUROOHG
E\VROYHQWUHPRYDORQO\WKHUHIRUHWKHVROXWLRQWHPSHUDWXUHSUHVVXUHDQGOHYHORIPL[LQJFDQEH
VHWLQGHSHQGHQWO\7KLVLVDFOHDUDGYDQWDJHRYHUERWKHYDSRUDWLYHDQGFRROLQJFU\VWDOOLVDWLRQ

2XU ZRUN IRFXVHV RQ WKH FU\VWDOOLVDWLRQ RI SKDUPDFHXWLFDO FRPSRXQG JULVHRIXOYLQ XVLQJ261
PHPEUDQHV WR FRQFHQWUDWH VROXWLRQV YLD VROYHQW UHPRYDO *ULVHRIXOYLQ VROXWLRQV ZHUH
FRQFHQWUDWHGXVLQJ3RO\LPLGH3261PHPEUDQHVLQDSUHVVXUHGULYHQGHDGHQGFHOOVHWXS

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7KHSURFHVVZDVFDUULHGRXWXVLQJDUDQJHRIGLIIHUHQWSUHVVXUHLQRUGHUWRFKDQJHWKHIOX[RI
JULVHRIXOYLQ WKURXJK WKH PHPEUDQHV  ,W ZDV IRXQG WKDW WZR GLVWLQFW FU\VWDO W\SHV FRXOG EH
SURGXFHG E\ DOWHULQJ WKH SURFHVV VROYHQW IOX[  $W KLJK IOX[ ODUJH FU\VWDOV § PP ZHUH
SURGXFHGZKHUHDVDW ORZ IOX[VPDOOFU\VWDOV ȝP WKDWJUHZ LQFOXVWHUV 7KH WZRFU\VWDO
W\SHVDUHVKRZQLQILJXUH


)LJXUHOHIW/DUJHJULVHRIXOYLQFU\VWDOSURGXFHGDWKLJKIOX[ULJKWVPDOOJULVHRIXOYLQFU\VWDOV
IRUPHGDWORZIOX[

7KHUHVXOWVZHUHWKHVDPHXVLQJPXOWLSOHGLIIHUHQWPHPEUDQHV,WZDVIRXQGWKDWODUJHFU\VWDOV
ZHUH IRUPHG E\ SURFHVVHV DW KLJK IOX[ DQG VPDOO FU\VWDOV E\ WKRVH DW ORZ IOX[  +LJK IOX[
SURFHVVHV TXLFNO\ VDWXUDWH WKH VROXWLRQ DQG FU\VWDOV DUH IRUPHG TXLFNO\  4XLFNO\ VDWXUDWHG
VROXWLRQVXVXDOO\IRUPFU\VWDOVRIDVPDOOVL]HZLWKDEURDGVL]HUDQJHLQWUDGLWLRQDOFU\VWDOOLVDWLRQ
SURFHVVHV WKHUHIRUH WKH ODUJHFU\VWDOV IRUPHGE\ KLJK IOX[261FU\VWDOOLVDWLRQ SURFHVVHVDUH
FRXQWHULQWXLWLYH

7KH GLIIHUHQFH LQ WKH FU\VWDOV FDQ EH H[SODLQHG E\ WKH HIIHFW RI FRQFHQWUDWLRQ SRODULVDWLRQ LQ
261V\VWHPV7KHFRQFHQWUDWLRQSRODULVDWLRQLVPRUHSURPLQHQWDWKLJKIOX[HV&DOFXODWLRQVRI
WKHJULVHRIXOYLQFRQFHQWUDWLRQDW WKHPHPEUDQHVXUIDFHVXJJHVW WKDW WKHFRQFHQWUDWLRQFDQEH
XS WKUHH WLPHV KLJKHU IRU KLJK IOX[ FU\VWDOOLVDWLRQ WKDQ ORZ IOX[  0RGHOV LQGLFDWH WKDW WKH
FRQFHQWUDWLRQDWWKHPHPEUDQHVXUIDFHDFWXDOO\UHGXFHVGXULQJWKHKLJKHUIOX[SURFHVVHVDVWKH
IOX[TXLFNO\UHGXFHVUHGXFLQJWKHHIIHFWRIFRQFHQWUDWLRQSRODULVDWLRQ)RUWKHORZIOX[SURFHVV
WKHFRQFHQWUDWLRQRIJULVHRIXOYLQDWWKHPHPEUDQHVXUIDFHVWHDGLO\LQFUHDVHV7KHGLIIHUHQFHLQ
FRQFHQWUDWLRQ SURILOHV IRU KLJK IOX[ DQG ORZ IOX[ FU\VWDOOLVDWLRQ ZRXOG DOWHU WKH QXFOHDWLRQ DQG
JURZWKUDWHRIFU\VWDOVH[SODLQLQJWKHGLIIHUHQFHLQWKHJULVHRIXOYLQFU\VWDOVVL]HDQGVKDSH

 7XQJ ++ HW DO &U\VWDOOL]DWLRQ RI RUJDQLF FRPSRXQGV DQ LQGXVWULDO SHUVSHFWLYH
-RKQ:LOH\DQG6RQV
 &KDUFRVVHW & HW DO &RXSOLQJ EHWZHHQ 0HPEUDQH 3URFHVVHV DQG &U\VWDOOL]DWLRQ
2SHUDWLRQV,QGXVWULDODQG(QJLQHHULQJ&KHPLVWU\5HVHDUFKS±
 9DQGH]DQGH3/(0*HYHUVDQG,)-9DQNHOHFRP6ROYHQWUHVLVWDQWQDQRILOWUDWLRQ
VHSDUDWLQJRQDPROHFXODUOHYHO&KHPLFDO6RFLHW\5HYLHZVS±
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 6KHWK -3 HW DO 1DQRILOWUDWLRQEDVHG GLDILOWUDWLRQ SURFHVV IRU VROYHQW H[FKDQJH LQ
SKDUPDFHXWLFDOPDQXIDFWXULQJ-RXUQDORI0HPEUDQH6FLHQFHS
 6ODYLQ 3$ HW DO 0RUSKRORJLFDO HYDOXDWLRQ RI WKH ȖSRO\PRUSK RI LQGRPHWKDFLQ
-RXUQDORI&U\VWDO*URZWKS±
.H\ZRUGV2UJDQLF6ROYHQW1DQRILOWUDWLRQ&U\VWDOOLVDWLRQ&RQFHQWUDWLRQ3RODULVDWLRQ


